In Japan, information on the transfer of drug resistance in enteric bacteria has accumulated since Ochiai et al. (1959) and Akiba et al. (1960) reported investigations of the possible transfer of multiple drug resistance by mixed cultivation.
Most of these studies were carried out in vitro, with the exception of in vivo experiments done by Kagiwada et al. (1960) with human volunteers and by Akiba et al. (1961) with a volunteer and animals. In both cases, however, the effects of administered antibiotics upon the origin or selection of drug-resistant bacteria were not considered at all.
In studies of this nature, in vivo difficulties usually arise in eliminating the occurrence of bacterial resistance to the antibiotics administered, and in conducting experiments with only the "infecting strains" without contamination by other bacteria. In this study, therefore, attention was directed to the above, resulting in satisfactory infection of mice by oral administration of Shigella, Klebsiella, and Escherichia under antibiotic-free conditions. A germ-free mouse, which should theoretically be most suited for such an experiment, was fortunately available, and was tested in parallel.
The present communication deals with a study on the transfer of drug resistance in vivo among the above-mentioned bacteria. A preliminary report on some phases of this study was already published (Kasuya, 1962 Infection in mice. These procedures were carried out by a modification of the technique of Freter (1956) , Cooper (1959) , and Cooper and Pillow (1959 Breeding environment. The animals were bred as germ-free as possible to prevent contamination. For drinking water they were given tap water sterilized in an autoclave at 121 C for 15 min, and for food, germ-free solid food (supplied by Germfree Life Research Laboratory, Nagoya University School of Medicine) or solid food sterilized in a hot-air oven for 2 hr. The cages, water bottles, etc., were also sterilized, at 121 C for 15 min or at 80 to 100 C for 1 hr. The mice were kept isolated in their own cages with a wiremesh bottom, under conditions that could minimize, if not prevent, coprophagy, and the cages were placed in a box with commercial lamps which radiated rays of 2,537 A.
RESULTS
In preliminary experiments, a loopful of a 24-hr broth culture of the recipient was streaked on four plates, each containing a different type of drug, and on one containing all four drugs. When the plates were incubated at 37 C for 24 hr, the recipients did not grow. In addition, a loopful of a 1:1 mixture of a 24-hr broth culture of donor and recipient was streaked similarly on the five drug-containing plates. When the plates were incubated, the donor grew abundantly, but the recipient did not, as was expected. From the above, it was concluded that the recipients were sensitive to the drugs, and transfer of drug resistance between the experimented strains did not take place on the plates. Experiment 1. In experiment 1, transfer of resistance from S. flexneri 3a to K. pneumoniae was determined ( t CM = chloramphenicol; TC = tetracycline; SM = streptomycin; ST = sulfathiazole. Amount of CM, TC, and SM in the medium was 12.5 ,Ag/ml, and that of ST was 1 mg/ml. t The number of visible colonies developing on drug-free media is graded +1 to +4; +1 = <200; +2 = >200; +3 = >+2 plus adherent colonies; +4 = >+3 with most colonies adherent. (Table 3) . Lactose-nonfermenting E. coli LNH was used as donor. Excretion of the donor and recipient continued, but recipient colonies developing on the drug-containing plates numbered only two during the 10 days of observation, probably owing to the transfer of resistance factors being less frequent here than in the preceding cases. One of the two colonies was resistant to the four drugs, and the other was resistant only to three (streptomycin, tetracycline, and sulfathiazole).
In the case of administration of the recipient alone, no resistant colony was found to develop. Table 1. cipient was administered again to the same mouse on the fifth day after the first administration of recipient. However, excretion of the recipient was poor, and the colonies of the recipient failed to develop on SS Agar plates containing drugs during the 6 days of observation after reinfection. The two colonies of the recipient recovered on a drug-free S3 Agar plate on the sixth day after reinfection were therefore isolated and examined for their sensitivities to drugs; both were found to be resistant to streptomycin and sulfathiazole.
When the recipient alone was given, no resistant colony was found to develop.
Experiment 6. Retransfer of resistance from E.
coli to S. Jlexneri 2a was attempted in experiment 6. Excretion of S. flexneri 2a strain K was found to be poor in experiments 4 and 5; hence, five sensitive strains of S. flxneri (2a, 2a, 2b, 2b, and 3a) were examined for possible multiplication in the mouse intestine. Two of the five strains, 2a and 2b, were abundantly recovered from the feces of infected animals pretreated with antibiotics. One of these two strains, S. flexneri 2a strain Yamada, was therefore used as recipient in this experiment. As donor, E. coli strain Ml 4R5-1 Ar was again used. Large amounts of both donor and recipient were excreted constantly during the course of the experiment, and a large number of resistant colonies of the recipient were recovered (Table  4) . Most of these resistant colonies were repeatedly found to grow on SS Agar containing streptomycin or sulfathiazole, and some were found to develop first on SS Agar containing chloramphenicol or tetracycline on the ninth and tenth days after administration of the recipient. The former group of colonies was resistant to two drugs (streptomycin and sulfathiazole), and the latter, to the four drugs.
When The germ-free cages used were structurally not perfect, but were believed to prevent bacterial contamination of mice. Mice exposed to ultraviolet rays and poorly nourished were attacked with alopecia, dermatitis, and ophthalmia, and did not increase in body weight, but did not die during the course of experiments.
Experiments 4 and 5 showed failure of multiplication of Shigella in the intestines of mice. When the susceptibilities of mice to enteric infections were examined with five strains of Shigella, it was found that two strains, 2a and 2b, could continue to be recovered in large numbers from the feces, but the remaining three strains, 2a, 2b, and 3a, disappeared from the feces within 2 or 3 days. Hence, the existence of a relationship between possible multiplication of Shigella in the intestine of mice and their serotypes was not noted. These findings suggest that selection of a strain which may multiply in the intestinal tract of an experimental animal is necessary for the success of this type of investigation. In the other four experiments, a considerable number of recipient colonies grew on the plates and resistant colonies of the recipients could be selected and isolated, so technical difficulties did not arise.
All the results obtained are briefly summarized in Table 5 . Resistance factors were transferred in all cases, and acquired resistance was further transferred in experiments 4, 5, and 6. In four of the six experiments, bacteria to which resistance had been transferred showed single patterns and levels of resistance common to each group. In the remaining two, the patterns of resistance were of two types but the levels of resistance to specific drugs were equal. It was thus found that transfer of drug resistance in vivo occurs according to a definite mechanism, and it is believed that the mechanism is cell-to-cell contact. In experiments 1 and 2, and 5 and 6, the patterns of acquired resistance were found to be exactly the same, when resistance factors were passed from the same donor to recipients of a different genus. From experiments 1 and 3, and 4 and 5, if transfer in vivo occurred between donors of a different genus and the same recipient, the patterns of acquired resistance might differ, or be the same. It seems, therefore, that the pattern of acquired resistance is determined more by the donor than by the recipient. Watanabe and Fukasawa (1961a, b) reported that the level of the resistance transferred by mixed cultivation might differ from recipient to recipient. In the present study, however, the level did not differ from recipient to recipient, a point that needs more detailed investigation.
In two experiments, bacteria to which resistance had been transferred showed resistance to two drugs only, streptomycin and sulfathiazole. These results support the suggestion by Ochiai, Yamanaka, and Kimura (1961) grew on plates containing drugs were compared with those recovered from the same feces spread on drug-free plates on a definite day, and their ratios were obtained with the latter as denominator. The results were 10-3 to 10-5 per recipient cell, but in experiment 6 the ratio was 10-2. Harada et al. (1961a, b, c) reported that this ratio is 10-4-5 to 10-6 per recipient cell in vitro, so transfer of resistance in vivo may occur at the same frequencies as in vitro.
From the results obtained above, it may be considered that in the human intestines too, if donor and recipient multiply together, resistance factors may be transferred also. Thus, generation of drug-resistant enteric bacteria in the human intestine may occur owing to the transfer of resistance from one previously existing enteric bacteria to a newcomer, or vice versa, from a newly arriving resistant bacteria to a previously existing enteric bacteria.
